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SEMICONDUCTOR MEMORY DEVICE
HAVING A TEST CONTROL CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a semiconductor
memory device, and more specifically concerns a memory
device capable of being tested by an external tester or a
Built-In Self Test (heremafter, referred to as “BIST™) and
including a Built-In Self Repair (hereinafter, referred to as
“BISR™).

2. Description of the Related Art

In general, memory chip manufacturers perform a teston a
memory at a manufacturing site.

Users depend on reliability of a chip to perform a proper
operation of their system.

As a density and a linewidth of a memory cell 1n a memory
chip are continuously reduced (currently, 0.5 micron or less),
it 1s difficult to achieve a desired reliability.

As aresult, the object of the memory device manufacturers
1s to 1ncrease memory capacity without reduction of chip
yield due to a mis-operation product.

Before shipment of memory chips, the memory chips are
tested to verily whether each memory cell of a memory array
1s properly performed.

In a conventional memory chip manufacturing site,
memory chips have been tested by an external tester or auto-
matic test equipment (ATE) However, 1t 1s difficult to detect a
defective memory cell at a user site. Although the test equip-
ment 1s usable by users, repair cost 1s expensive, 1t takes much
time, and the equipment 1s impractical.

Thus, other memory chips comprises a BIST circuit and a
BISR circuit.

When a power source 1s powered-up 1n the memory chip,
the BIST 1s operated by a memory for reading and writing,
various patterns to determine a failed memory cell.

The BISR circuit repairs a row or a column which includes
a Tailed cell with a spare row or a spare column 1n a memory
array. As a result, normal chip performance can be obtained
even when not all cells can be used because the BIST circuit
and the BISR circuit are operated whenever a power source 1s
applied to a system to detect a potential failure before the next
system power source 1s applied.

However, since the conventional BIST and BISR performs
an unconditional operation whenever a power source 1s
applied to the system, a test by an external tester and a repair
operation are performed at the same time. As a result, it 1s
impossible to perform a precise test and an accurate repair
operation.

SUMMARY OF THE INVENTION

Various embodiments of the present invention are directed
at individually performing a BIST and a BISR 1n response to
a separate command signal and also performing a test by an
external tester and a repair operation.

According to one embodiment of the present invention, a
semiconductor memory device having a test control circuit
comprises a cell array, a BIST (built-in self test) circuit
adapted and configured to perform a BIST operation on the
cell array, a BISR (built-in self repair) circuit adapted and
configured to perform a BISR operation on the cell array, and
a command decoder adapted and configured to generate a first
control signal for selecting a BIST operation by the BIST
circuit or a test by an external tester and a second control
signal for controlling a BISR operation by the BISR circuit.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects and advantages of the present invention will
become apparent upon reading the following detailed
description and upon reference to the drawings in which:

FIG. 1 1s a block diagram illustrating a semiconductor
memory device according to an embodiment of the present
imnvention;

FIG. 2 1s a flow chart illustrating the operation of the
semiconductor memory device of FIG. 1;

FIG. 3 1s a block diagram 1llustrating a BIST of FIG. 1;

FIG. 4 15 a block diagram illustrating a cell array, a sense
amplifier array, and a BISR of FIG. 1;

FIG. § 1s a circuit diagram 1llustrating an 10 substitution
circuit of FIG. 4;

FIG. 6 1s a circuit diagram 1llustrating a comparison circuit
of FIG. 4;

FIG. 7 1s a circuit diagram 1illustrating a failure detecting
circuit of FI1G. 4; and

FIGS. 8to 10 are circuit diagrams 1llustrating a cell array of
FIGS. 1 and 4.

L1

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

The present invention will be described in detail with ret-
erence to the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

FIG. 1 1s a block diagram illustrating a semiconductor
memory device according to an embodiment of the present
invention.

In this embodiment, a semiconductor memory device com-
prises a cell array 2, a sense amplifier array 4, an address
decoder 6, a BIST 8, a BISR 10 and a command decoder 12.

The BIST 8 recerves an external address EXADD and exter-
nal data ExIO which may be provided by an external tester via
a lead on the memory device.

The BIST 8 and the BISR 10 are connected by a BISR bus,
and the BISR 10 and the sense amplifier 4 are connected by a
data bus.

The command decoder 12 generates enable signals BIS-
T_EN and BISR_EN to control the operations of the BIST 8
and the BISR 10. As a result, a BIST mode and a BISR mode
can be mdividually controlled.

The address decoder 6 decodes an output signal from the
BIST 8 to test the cell array 2.

Table 1 shows processing results 1n response to the enable
signals BIST_EN and BISR_EN.

TABLE 1
Command state Processing result
BIST_ _EN BISR__EN Test Repair
0 0 External tester No repair
0 1 External tester BISR
1 0 BIST No repair
1 1 BIST BISR

As shown 1n Table 1, the command state includes 4 1ndi-
vidual states.

When the enable signals BIST_EN and BISR_EN are all
“07, atest can be performed by an external tester, and a fail bat
repair 1s not performed.

When the enable signals BIST_EN and BISR_EN are “0”
and “1”” respectively, the test 1s possible by the external tester,
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and the fail bit repair 1s automatically performed by the BISR
10 without a repair algorithm of the external tester.

When the enable signals BIST_EN and BISR_EN are “1”
and “0” respectively, a cell test 1s possible by the BIST 8, and
the fail bit repair operation 1s not performed.

When the enable signals BIST_EN and BISR_EN are all
“17, the cell test 1s possible by the BIST 8, and the fail bat
repair operation 1s automatically performed by the BISR 10
without the repair algorithm of the external tester.

FIG. 2 1s a flow chart illustrating the operation of the
semiconductor memory device of FIG. 1. FIG. 2 shows an
operating method suitable for a volatile memory device such
as a DRAM or a SRAM. When the device 1s a nonvolatile
memory device such as a FRAM, it 1s not necessary to repeat
the method continuously.

When a system power source reaches a predetermined
level to be powered-on, a reset signal 1s generated (S1) to
activated the BIST 8 and the BISR 10 (52).

That 1s, the enable signals BIST_EN and BISR_EN
become all “17, a cell test 1s possible by the BIST 8, and a fail
bit repair operation 1s automatically performed by the BISR
10 without a repair algorithm of the external tester.

When the setting 1s completed, a stand-by mode starts (53).

FI1G. 3 15 a block diagram 1llustrating the BIST 8 of FIG. 1.

The BIST 8 comprises an address buifer 14, a test address
counter 16, an address multiplexer 18, a data bufifer 20, a test
data pattern generator 22, and an 10 multiplexer 24.

The address buflfer 14 receives the external address
ExADD. Here, the address bulfer 14 1s inactivated when the
cnable signal BIST_EN 1s activated to a high level.

The test address counter 16 1s activated to generate a test
address TADD when the enable signal BIST_EN 1s activated
to the hugh level.

The address multiplexer 18 outputs the test address TADD
to the address decoder 6 when the enable signal BIST_EN 1s
activated to the high level.

The data bufter 20 recerves external 10 data ExIO. Here,
the data butfer 20 1s mactivated when the enable signal BIS-
T_EN 1s activated to the high level.

The test data pattern generator 22 generates a test data
pattern TDP when the enable signal BIST _EN 1s activated to
the high level.

The IO multiplexer 24 outputs the test data pattern TDP to
the BISR bus when the enable signal BIST_EN 1s activated to
the high level.

FI1G. 4 15 a block diagram 1illustrating the cell array 2, the
sense amplifier array 4, and the BISR 10 of FIG. 1.

FIG. 4 shows one of a plurality of sub cell arrays included
in the cell array 2.

Although not 1llustrated herein, each sub cell array com-
prises a flag cell for storing a flag bit F which represents a
repair state, a code cell for storing code bits C0 and C1, a spare
cell and a main cell.

In the main cell, paired 2 bits are tested constantly, and a
repair operation 1s performed on paired 2 bits. That 1s, the
paired 2 bits constantly write the same data to test the data.

As a result, the spare cell constantly has a multiple of 2.
Herein, the spare cell that 1s the 2 bit S0 or S1 1s exemplified.

While 2 bits are paired off, four pairs B0, B1; B2, B3; B4,
BS; B6, B7 are exemplified.

The sense amplifier array 4 comprises a flag bit sense
amplifier 26, code bit sense amplifiers 28, spare bit sense
amplifiers 30 and a main bit sense amplifier array 32.

The BISR 10 comprises an 10 substitution circuit 34, a
comparison circuit 36, a failure detecting circuit 38, a failure
encoder 40, an encoder driving circuit 42, a code bit decoder
44 and a tlag bit driving circuit 46.
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The comparison circuit 36, the failure detecting circuit 38,
the failure encoder 40, the encoder driving circuit 42 and the
flag bit driving circuit 46 are activated when the enable signal
BISR_EN 1s activated to the high level.

The code bit decoder 44 1s activated only when the enable
signal BISR_EN is inactivated to a low level. That 1s, the main
cell 1s tested to determine whether the main cell 1s failed or not
at a repair mode.

FIG. 5 15 a circuit diagram illustrating the 10 substitution
circuit of FI1G. 4.

The IO substitution 34 comprises mverters IV1~1V4, and
NMOS transistors NT1~NT16. Here, the NMOS transistors
NT1~NT16 serve as a switch.

The inverters IV1~IV4 1nvert code decoding signals
CD01~CD67, respectively.

The NMOS transistors NT1~NT8 connect the main data
bit line pairs B0, B1~B6, B7 to the spare lines S0, S1 1n
response to the code decoding signals CD01~CD67.

The NMOS transistors NT9~NT16 disconnect the main
data bit line pairs B0, B1~B6, B7 in response to output signals
from the inverters IV1~1V4.

Since there are one pair of spare bits 1n this embodiment,
only one of the code decoding signals CD01~CD67 are acti-
vated to a high level, and the rest signals are inactivated to a
low level.

FIG. 6 1s a circuit diagram 1llustrating the comparison
circuit 36 of FIG. 4.

The comparison circuit 36 comprises exclusive OR gates
XOR01~X0OR67, and AND gates AND1~AND4.

The exclusive OR gates XOR01~XOR67 detect whether
data on the main data bit line pairs B0, B1~B6, B7 are the
same or not when substitution 1s completed by the 10 substi-
tution circuit 34.

That 1s, after the same data are read, the output from the
exclusive OR gates XOR01~XOR67 1s “0” when the same
data are detected, and ““1”” when the two data are not the same,
that 1s, there 1s a failed bat.

The AND gates AND1~AND4 output output signals from
the exclusive OR gates XORO01~XOR67 as fail bits
FB01~FB67 when the enable signal BISR_EN 1s activated to
the high level, and the fail bits FB01~FB67 at all low levels
when the enable signal BISR_EN 1s mnactivated to the low
level.

FIG. 7 1s a circuit diagram 1llustrating the failure detecting
circuit of FIG. 4.

The failure detecting circuit 38 comprises a NOR gate
NR1, an mverter IVS and an AND gate ANDS.

The NOR gate NR1 performs a NOR operation on the fail
bits FB01~FB67, and the inverter IVS inverts an output signal
from the NOR gate NR1.

The AND gate ANDS outputs an output signal from the
iverter IVS as a failed bit setting signal FB_SE'T when the
enable signal BISR_EN is activated to the high level, and the
failed bit setting signal FB_SET at the low level when the
enable signal BISR_EN 1s mactivated to the low level.

The flag bit driving circuit 46 sets a state of a flag enable
signal F_EN by a failed bit setting signal RB_SET.

The operation of the failure encoder 40 of FIG. 4 1s
described with reference to Table 2.

TABLE 2
Input QOutput
BISR__EN FBO1 FB23 FB45 FB67 ECO EC1
1 1 0 0 0 0 0
1 0 1 0 0 0 1
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TABLE 2-continued
Input Qutput
BISR__EN FBO1 FB23 FB45 FB67 ECO EC1
1 0 0 1 0 1 0
1 0 0 0 1 1 1

In the failure encoder 40, while the enable signal BISR_EN
1s activated to the high level, encoding codes EC0 and EC1
become “0” when the fail bit FB01 1s “1”, and the encoding,
codes ECO0, EC1 are “0” and *“1” respectively when the fail bt
FB23 1s “1”, the encoding codes ECO0, EC1 are “1” and “0”
respectively when the fail bit FB45 1s “1”, and the encoding
codes ECO0, EC1 are all “1” when the fail bit FB67 1s “1”.

Since the failure encoder 40 1s a common encoder circuit
having iput of 4 bits and output of 2 bits, the detailed struc-
ture of the circuit 1s not explained.

The operation of the failure encoder 44 of FIG. 4 1s
described with reference to Table 3.

TABLE 3
Input QOutput
BISR_EN F _EN SCO SCl1 CDO1 CD23 CD45 (CD67
0 1 4§ 0 1 4§ § 0
0 1 1 0 0 1 0 0
0 1 4§ 1 4§ 4§ 1 0
0 1 1 1 0 0 0 1
§ § § § § § 0 §
0 0 1 0 § § 0 0
§ § § 1 § § 0 §
0 0 1 1 § § 0 0

The code bit decoder 44 1s activated when the enable signal
BISR_EN is mactivated to the low level and the flag enable
signal F_EN 1s activated to a high level.

The encoding codes ECO0, EC1 are driven by the encoder
driving circuit 42 to obtain driving codes SCO0, SC1. While the
code bit decoder 44 1s inactivated, the code decoding signal
CD23 1s activated to “1” when the driving codes SC0, SC1 are
“0” and 17 respectively, the code decoding signal CD435 1s
activated to *“1” when the driving codes SCO0, SC1 are *“1” and
“0” respectively, and the code decoding signal CID67 1s acti-
vated to “1” when the driving codes SC0, SC1 are all <17,

The code bit decoder 44 sets the code decoding signals
CD01~CD67 all to be “0” when the enable signal BISR_EN
1s activated to the high level or the flag enable signal REN 1s
inactivated to a low level.

Since the code bit decoder 44 1s a common encoder circuit
having iput of 4 bits and output of 2 bits, the detailed struc-
ture of the circuit 1s not explained.

FIG. 8 1s a circuit diagram 1llustrating one example of the
cell array 2 of FIGS. 1 and 4. Here, a nonvolatile FRAM cell
1s exemplified.

Each of the plurality of sub cell arrays 48 comprised 1n the
cell array 2 1s selected by aword line W/L and a plate line P/L,
and includes a plurality of memory cells 50.

Each of the memory cells 50 comprises one cell transistor
T and one ferroelectric capacitor FC.

FI1G. 9 15 a circuit diagram illustrating another example of
the cell array 2 of FIGS. 1 and 4. Here, a nonvolatile FRAM
cell 1s exemplified.

Each of a plurality of sub cell arrays 52 comprised in the
cell array 2 comprises a main bit line MBL, a sub bitline SBL,
a plurality of memory cells 30 and a plurality of switches
NT17~NT121. The plurality of memory cells 50 are selected
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6

and controlled by word lines WL<0>~WL<n> and plate lines
PL<0>~PL<n>. The plurality of switches NT17~NT21 are
controlled by a main bit line pull-down signal MBPD, a sub
bit line SBL, a sub bit line pull-down signal SBPD, and a sub
bit line switch signals SBSW1, SBSW2. Here, SBPU 1s a sub
bit line pull-up voltage.

The memory cell 50 comprises one cell transistor T and one
terroelectric capacitor FC.

FIG. 10 1s a circuit diagram illustrating still another
example of the cell array 2 of FIGS. 1 and 4. Here, a DRAM
cell 1s exemplified.

Each of the plurality of sub cell arrays 54 comprised 1n the
cell array 2 1s selected by a word line W/L, and includes a
plurality of memory cells 56.

Here, the memory cell 56 comprises one cell transistor T
and one capacitor C.

As described above, 1n a semiconductor memory device
having a test control circuit according to an embodiment of
the present mvention, a BIST by an additional command
signal, a test by an external tester, a BISR and a repair opera-
tion by an external tester can be performed individually.

The foregoing description of various embodiments of the
invention has been presented for purposes of illustration and
description. It 1s not intended to be exhaustive or to limait the
invention to the precise form disclosed, and modifications and
variations are possible 1n light of the above teachings or may
be acquired from practice of the invention. Thus, the embodi-
ments were chosen and described 1in order to explain the
principles of the mvention and 1ts practical application to
enable one skilled 1n the art to utilize the mvention in various
embodiments and with various modifications as are suited to
the particular use contemplated.

What 1s claimed 1s:

1. A semiconductor memory device having a test control
circuit, the device comprising:

a cell array including a code cell for storing code decoding,

bits;

a BIST (built-in self test) circuit configured to perform a
BIST operation on the cell array in response to a {first
control signal;

a BISR (built-in self repair) circuit configured to encode a
fai1l bit of the main cell for generating a driving code, to
decode the driving code 1n response to a second control
signal for outputting a code decoding signal, and to
perform a BISR operation on the cell array inresponse to
the code decoding signal; and

a command decoder configured to generate the first control
signal for selecting the BIST operation or a test by an
external tester, and the second control signal for control-
ling the BISR operation.

2. The semiconductor memory device according to claim 1,

wherein the cell array comprises a plurality of sub cell arrays.

3. The semiconductor memory device according to claim 2,
wherein the sub cell array comprises a plurality of memory
cells.

4. The semiconductor memory device according to claim 3,
wherein each one of the plurality of memory cells 1s a DRAM
cell.

5. The semiconductor memory device according to claim 3,
wherein each one of the plurality of memory cells 1sa FRAM
cell.

6. The semiconductor memory device according to claim 5,
wherein the plurality of memory cells has a hierarchical bit
line structure.

7. The semiconductor memory device according to claim 1,
wherein the BIST circuit comprises:
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an address butifer configured to recerve an external address;

a test address counter configured to generate a test address
in response to the first control signal;

an address multiplexer configured to selectively output the

8

cach configured to selectively transmit output signals from
the plurality of detecting circuits 1n response to the second
control signal.

12. The semiconductor memory device according to claim

test address or an output signal from the address bufferin 5 8, wherein the failure detecting circuit comprises a failure

response to the first control signal;

a data buifer configured to recerve external data;

a test data pattern generator configured to generate a test
data pattern 1n response to the first control signal; and

a data multiplexer configured to selectively output the test
data pattern or an output signal from the data buffer in
response to the first control signal.

8. The semiconductor memory device according to claim 1,

wherein the BISR circuit comprises:

a bit line substitution circuit configured to substitute a bit
line connected to a failed cell with a spare bit line 1n
response to a code signal which represents a failed cell;

a comparison circuit configured to detect whether data on
the bit line are failed or not;

a failure detecting circuit configured to generate a flag
signal which represents fail in response to a result of the
comparison circuit; and

a failure encoder configured to generate the code signal in
response to the result of the comparison circuat.

9. The semiconductor memory device according to claim 8,

wherein the bit line substitution circuit comprises:

a plurality of first switch circuits each configured to selec-
tively connected the bit line to the spare bit line 1n
response to the code signal; and

a plurality of second switch circuits each configured to
separate a bit line of the BISR circuit region from a bat
line of the cell array region in response to the code
signal.

10. The semiconductor memory device according to claim

8, wherein the comparison circuit comprises a plurality of
detecting circuits each configured to detect whether data on
the bit line are the same as data on another bit line or not.

11. The semiconductor memory device according to claim

10, further comprising a plurality of transmaission circuits
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detecting circuit configured to generate the flag signal when a
failure 1s detected 1n a result of the comparison circuit.

13. The semiconductor memory device according to claim
12, wherein the failure detecting circuit further comprises a
transmission circuit configured to selectively transmit the tlag
signal 1n response to the second control signal.

14. The semiconductor memory device according to claim
8, further comprising;:

a Tailure encoding circuit configured to encode results of

the comparison circuit; and

a code bit decoder configured to decode output signals

from the failure encoding circuits to generate the code
signal.

15. The semiconductor memory device according to claim
14, further comprising an encoding driving circuit configured
to drive an output signal from the failure encoding circuait.

16. The semiconductor memory device according to claim
14, wherein the code bit decoder 1s controlled 1n response to
the flag signal.

17. The semiconductor memory device according to claim
1, wherein the cell array comprises:

a plurality of flag cells each configured to store a flag bit

which represents a repair;

a plurality of code cells each configured to store the code

decoding bits;

a plurality of spare cells each configured to substitute for

failed cells; and

a plurality of main cells configured to store normal data.

18. The semiconductor memory device according to claim
17, wherein the cell array further comprises a plurality of
sense amplifiers each configured to read or write data 1n the
flag cell, the code cell, the spare cell and the main cell.
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